. The vehicle repair costs constituted more than half of such cost. Surgery, which was conducted in 28 cases, constituted 14.5% of the direct costs. The total productivity cost incurred was Rs. 8,06,24,530 ($1,883,750). Costs incurred due to premature mortality constituted over 99% of these productivity losses suffered by society. Lost wages due to the crash constituted less than 1% [Rs. 1,40,230 ($3276)] of the total productivity loss. CONCLUSIONS: Road traffic injuries are a significant financial drag on the society. The productivity costs far outweigh the direct costs. Premature mortality, vehicle damage and medical costs constituted the major share of the cost of RTIs.
INTRODUCTION
Over 1.2 million people die each year on the world's roads, and between 20 and 50 million suffer nonfatal injuries. [1] Whereas such data on the extent of crashes are available, the studies aimed at estimating losses that are incurred as a result of injuries are limited due to the diffi culty in linking the severity of the injury with the subsequent costs.
Projections regarding the probable costs of road traffi c crashes available at the national and state level are arrived at using crude estimates. Most of these studies on costing of road traffi c injuries are based on secondary data collection from insurance agencies and claim tribunals or from hospital bed occupancy. [2] [3] [4] [5] [6] [7] Studies at the family level attempting to uncover the actual costs suffered by the family as a result of the crash are very limited. Thus there exists a large gap in our knowledge regarding the costs suffered by the family. Against this background, this study was conducted with an objective to ascertain the direct and indirect costs of road traffi c injuries and their determinants in an Indian city.
It is intended to provide policy makers with a city-level cost data, thus helping to frame a comprehensive road safety policy and counter the increasing trend of crashes.
MATERIALS AND METHODS
This cross-sectional study was done in Chandigarh, India, by a resident doctor (postgraduate student in community medicine) using a structured questionnaire. All road traffi c crashes recorded by the traffi c police during the year 1 st January to 31 st December 2004 were included in the study.
Road traffi c injuries involving only the residents from outside Chandigarh but occurring within the geographical boundaries of the city and those involving native residents but occurring outside the geographical boundaries of Union Territory, Chandigarh were excluded.
The current health status of the people involved in the listed injury cases was ascertained. For nonfatal cases, the victim was interviewed. If unavailable for questioning, the next of kin in the house was interviewed. For fatal crashes, the family member present in the house at the time of survey was interviewed. The outcome of the nonfatal injuries and the costs incurred due to injuries were noted.
After obtaining the socio-demographic data of the family of the victim, the victim or the family member was interviewed about the costs incurred after the road traffi c injury. All relevant medical records and bills available were reviewed.
The direct costs included the immediate medical costs after the injury, i.e., transport, emergency and hospital care, follow-up care, medicines and appliances, doctor bills, hiring of domestic help, physiotherapy, rehabilitation, insurance, etc. Vehicular repair costs and the cost towards the purchase of an alternative vehicle made as a direct result of the crash were also noted. Cost of damage caused to public or government property was also estimated.
Work productivity and activity questionnaire (WPAI-SHP) and the health and labor questionnaire (HLQ) were utilized for the calculation of the productivity cost. [8, 9] Years of productive life lost, duration of the shortterm absenteeism from work and related loss of earnings were noted. Costs borne by the caregivers due to their absence from work were also noted. The majority (67; 70.52%) did not receive any immediate help after the crash. Only 17 (17.89%) victims received some sort of help immediately [from the witnessing public in 13 (13.6%) cases, from co-victim in 4 cases]. In 11 (11.5%) cases, the respondent did not know whether any immediate help was given or not.
In 58 (61.1%) cases, police reached the site of crash in the presence of the victim. This could be due to the well-advertised traffic police helpline no. 1078 in the city newspapers and hoardings. In 24 cases, the police reached the site after the victim was taken to a doctor. In 13 cases, the respondent did not know about this.
The police vehicle was used for the transport of the crash victims to the hospital in about half of the cases in this study. In about a third of the cases, the witnessing public or the victims of the crashes used available resources and means of conveyance for carrying the victims/ themselves to the nearest doctor. During transport, no first aid or care was provided to the crash victims in 79 (83%) cases. In 16 (16.8%) cases, no such information was available.
In 68 (71.57%) cases, the hospital was within 5 km of the site of the crash; and in 27 (28.4%) cases, it was 5 to 10 km away. In 72 (75.7%) cases, the victim was alive; in 23 (24.2%) cases, the victim was declared dead on arrival at the hospital.
Our study also revealed that 38% of the crash victims brought to the hospital were in a condition serious enough to warrant a surgery. (Out of 72 alive on arrival at the hospital, 28 victims underwent surgery.)
A major surgery was performed in 28 (29.4%) cases (within 3 hours in 7 cases; within 24 hours in 19 cases; and in 2 cases, after 24 hours). Duration of stay at home due to crash was 3 days to 1 week in 7 cases; between 1 and 2 weeks, in 9 cases; and for more than 2 weeks, in 11 cases.
In about 25% of the cases, the survivors of the crashes took leave ranging up to 7 days from their occupation. In majority of the cases, social activities of the victims were restricted due to injury for a period of more than 1 week.
Nine patients said that they did not need any help at home. Only 1 patient needed assistance for more than 2 weeks. In 4 cases, a hired help was employed at home after the crash. In 24 (25.2%) cases, no one was hired. On an average, 3.25 hours were spent by the hired help. In 2 cases, Rs. 800 was paid per month for the services provided. The maximum amount paid was Rs. 2000 per month (US$1 = Rs. 42.8). Table 1 shows the breakup of the direct costs into sub-categories. The total expenditure incurred was Rs. 8,55,644 ($19,991). Medical costs and nonmedical costs constituted 43.6% and 53.4% of direct costs, respectively. More than half of the direct costs were attributed to vehicular repair, i.e., Rs. 4,77,300 ($11,151); the least amount, i.e., Rs. 4,569 ($106), was spent on travel of the relatives from the place of residence to the hospital where the victims were being treated. Amount spent on purchase of medicines [Rs. 1,28,400 ($3000)] was the highest contributor to the medical costs. Although surgery was performed on only 28 subjects out of the total 95 subjects contacted, it constituted a signifi cant share (15%) of the expenses (Rs. 1,28,000). The remaining portion of the medical costs comprised of hospital stay, amount spent on prostheses and laboratory expenses.
The majority of the productivity costs were incurred due to premature mortality of the crash victims. This constituted over 90% of the potential losses suffered by society Rs. 8, 06, 24,530 ($1,883,750). Lost wages due to the crash contributed Rs. 1,40,230 ($3,276) to the total productivity loss [ Table 2 ].
DISCUSSION
Chandigarh is a modern planned city of north India with a population of 910,000 (2001 census). [10] The city has a grid plan with near-straight roads throughout. The major roads have additional separate cycle paths for segregation of slow-moving traffic. As compared to other cities in India, the city has INDIAN JOURNAL OF MEDICAL SCIENCES The crash rate was 16.2 per 100,000. With more than 600,000 vehicles in the city, the rate of crashes was 0.24 per 1000 registered vehicles, which is lower than that in other Indian cities, i.e., 7.2 per 1000 registered vehicles. [10] This difference may be due to better road conditions in Chandigarh. The presence of roundabouts may also be a factor for such difference as it decreases vehicular density at busy intersections while allowing for the smooth movement of traffi c across the roads. Chandigarh also has the distinction of the highest per capita vehicle ownership in India (>2 vehicles per capita). It is observed that in such a situation, the owner uses only one vehicle, while the other vehicle lies underutilized. These unused additional vehicles may infl ate the denominator, thus affecting the calculations.
The case fatality rate (CFR) for the RTIs in the city was 70.52%. It was exclusively based on crashes recorded by the police, which are more likely to be serious and potentially life threatening.
The productivity costs [Rs. 8,06,24,530 ($1,883,750)] far outweighed the direct costs [Rs. 8,55,644 ($19,991)] in the study. Various studies conducted globally have proved that the productivity costs far outweigh the direct costs; cost estimates based on only direct costs, particularly only medical costs, can be grossly inadequate. [11, 12] Costs due to road traffi c crashes are affected by a variety of factors. Any factor that infl uences the earning capacity of an individual will result in an impact on the family and society in economic terms. The age group of 15 to 45 years is considered the most productive age group for any nation. An injury affecting someone from this age group will have more impact than that affecting a person outside this age group.
In our study also, this age group was most commonly involved in road traffi c crashes (71% of total cases). This predominance is evident in studies conducted all over the world. The high rate of crashes in this particular group illustrates the need for effective targeting of this age group for any intervention to signifi cantly reduce the burden of road traffi c crashes in the city.
Severity of injuries sustained during crashes affects direct cost (DC) as well as productivity cost (PC). In our study, the PC was signifi cantly higher than the DC. PC depends upon the income and the number of life years lost. The net fatal-crash costs are usually higher than that the nonfatal ones. This is because the nonfatal crashes only involve the costs incurred for the treatment and the rehabilitation of the victim, and the cost of absence from work. In contrast, the fatal crashes contribute to the premature mortality costs, which are quite substantial and refl ect the potential loss of earning due to the death. Thus, any factor that decreases severity of injury and reduces mortality will also improve survival. This will reduce the net costs incurred.
Similarly, the lag between the occurrence of road traffi c crash and initiation of treatment influences the outcome consequent to the injury, thus affecting both DC and PC. The fi rst hour after the crash is referred to as a golden hour because of the precious nature of this interval with regard to survival of the injured person and long-term prognosis of the injury. An appropriate intervention carried out early is one of the cornerstones of medical and surgical care. [13, 14] Prompt care would thus alter the mortality rates and signifi cantly bring down the net costs. Our study shows that in less than a fi fth of the cases reported, the victim had received some form of immediate help after the crash.
In our study, only a small percentage of crash victims were transported by specialized vehicles and received first aid during the transport. Latest WHO report on the status of global road safety showed that 76% of the 178 member countries have formal pre-hospital care system, but not all have a system in place wherein the victims are escorted to the hospital by trained paramedics in specialized vehicles, well equipped to handle life-threatening emergencies. [10] The absence of provision of fi rst aid during transport from the crash site to the hospital, as revealed in our study, shows that no attempts are made to provide this crucial care to the victims. Thus precious time, during which the patient probably needs prompt and utmost care, is lost . The reason could be the ignorance of the escorting person about the fi rst aid to be provided. The police personnel are given some form of fi rst aid training. This could be further strengthened by appropriate training by specialists, preferably in acute trauma care facilities.
The fact that more than one third of injury victims needed surgery represents a burden to be handled by the trauma care services due to the crashes. This will directly feed into the surgery costs, a component of the DC. Thus all the factors associated with a better utilization of the golden hour will have a benefi cial effect in monetary terms, by cost reduction. [13, 14] Early surgery (in the fi rst seven hours) was possible only in a quarter of the total surgeries performed, with nearly all victims operated within the first day. Early performance of a necessary surgery would have an impact on survival as well as the future rehabilitation of the victims. Any intervention which would ensure prompt transport of the victims in serious condition to the appropriate hospital (with requisite facilities) would decrease the economic burden due to the crashes.
Limitation of social activity of crash victims due to absence from work or less than full participation also feeds into the productivity losses suffered consequent upon injury.
Limitations of daily activities like bathing and using toilet were reported. In 11 cases, family members helped in bathing and toilet activities of the crash victim.
Head injuries contribute more to the crash costs than injuries to other sites of the body due to more chances of deaths as a result of brain trauma. Investigations like CT scan and procedures like neurosurgery are costlier than other surgical procedures. Thus injuries to sensitive body parts would infl uence the cost of immediate care. [15] In our study, over half of the crash victims had head injury.
The available evidence shows that injuries can be a signifi cant fi nancial drag on the society, and outcomes and cost of road traffi c crashes can vary remarkably even within a country. [16, 17] City-level data with a family perspective are vital in understanding the true economic burden of traffic crashes and making appropriate investment in the area of injury prevention. [18, 19] But taking only the economic burden as a proxy for the pain and suffering of crash victims and their family is debatable.
CONCLUSION
The net cost of road traffic crashes for Chandigarh city was Rs. 8,15,15,654 ($1,904,571) for 2004. Productivity costs far outweighed the direct costs. A large share of the productivity costs belonged to premature mortality. Thus any investment for, and efforts at, primary prevention of injury, i.e., reducing the occurrence of road traffic crashes, and reducion of all factors that increase crashrelated mortality would help in reducing the costs associated with road traffi c crashes.
Strength of the study
As against the usual data collection from secondary sources in most such studies, the present study was based on primary data collection at the family level.
Limitations
• There may be a recall bias since the reference period was 1 year.
• The investigator could not manage to obtain the fi gures for out-of-court settlement costs in cases in which they occurred because of the reluctance of the respondents to share such information .
• Results are based on cases recorded by the police. The milder cases and those not registered by the police might have been missed. • L a c k o f i n f o r m a t i o n a b o u t t h e 2 6 nonparticipants could have resulted in either underestimation or overestimation of the costs, depending on the proportion of fatal accidents in cases of nonparticipants.
• The exclusion of 177 cases of crashes involving nonresidents occurring in the city could have resulted in underestimation of the costs to the city.
Future research
Studies focusing on house-to-house survey to collect community-based data on burden and cost of injuries may should be done.
